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合成了(+)-hyacinthacine A2 和(+)-hyacinthacine A3。分别经历了 9 步和 11 步反应，




















































































Pyrrolizidine alkaloids occur widespread in nature and many of them exhibited a 
variety of important biological activities. Due to their interesting structural features 
and pharmacological properties, much effort has focused on the stereoselective 
synthesis of these natural products. Polyhydroxylated pyrrolizidine alkaloids, a kind 
of very important natural products with a substantial interest as inhibitors of 
glycosidases and glycosyltransferases, may lead to potential therapeutic drugs against 
diabetes II, cancer and viral infections including HIV. Among the polyhydroxylated 
pyrrolizidine alkaloids, C-3 hydroxymethyl substituent’s are relatively rare in nature. 
Hyacinthacines belong to this kind of compounds, which have been isolated from the 
bulbs of Muscari armeniacum (Hyacinthaceae) recently and demonstrated to be good 
inhibitors against rat intestinal lactase, rat epididymis a-l-fucosidase, and 
amyloglucosidase from Arpergillus niger. Consequently, the novel structures and the 
high potential for therapeutic applications of these compouds have prompted many 
efforts for asymmetric synthesis. 
The development of synthetic methodology based on cheap and easily available 
(S)-malic acid is the major research theme in our group. In this thesis we will focus on 
the development of novel chiral pyrrolidinone -acylamino-carbon radicals, including 
their generation, reactivities and reaction with ，-unsaturated compounds, as well as 
the application in the asymmetric synthesis of indolizidine alkaloids, Hyacinthacine 
A2 and Hyacinthacine A3. We have obtained the following results: 
    1. The -acylamino-carbon radicals was generated form N, O-diprotected 
2-pyrrolidinyl sulfide I by Samarium diiodide or Lewis acid and Samarium diiodide. 

















































2. The synthetic intermediate II was prepared from D-tartaric acid by 
modification of the known method, which allows using cheaper reagents and affords 
higher yields. After changing the N-protection group to Boc, and the pyrrolidinyl 
sulfide, we obtained the key intermediate III using the novel radical synthetic 
methodology with the high stereoselectivity. Finally, after deprotection and 
cyclization it afforded hyacinthacine A2 in 30% yield (from II), and hyacinthacine A3 
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Ac           acetyl / 乙酰基 
Ar           aryl / 芳基 
Bn           benzyl / 苄基 
Boc          t-butoxycarbonyl / 叔丁氧羰基 
CAN         cericammomium nitrate / 硝酸铈铵 
Cbz (Z)       benzyloxycarbonyl / 苄氧羰基 
CDI          carbonyl diimidazole / 羰基二咪唑 
DCC         N, N’-dicyclohexylcarbodiimide / 二环己基碳二亚胺 
DCU         N, N’-dicyclohexylurea / 二环己基脲 
DEAD        diethyl azodicarboxylate / 偶氮二甲酸二乙酯 
DIBAL       diisobutylaluminum hydride / 二异丁基铝氢 
DIEA         diisopropylethylamine / 二异丙基乙基氨 
DMAP        4-N, N-dimethylaminopyridine / 4-N, N-二甲氨基吡啶 
DMF         N, N-dimethylformamide / N, N-二甲基甲酰胺 
DMSO       dimethylsulfoxide / 二甲基亚砜 
EDC         1-ethyl-3-(3-dimethyllaminopropyl)carbodiimide / 1-乙基-3-(3-二 
             甲胺丙基)碳二亚胺 
EDCI         1-ethyl-3-(3-dimethyllaminopropyl)carbodiimide hydrochloride 
Fmoc         9-fluroenylmethoxycarbonyl 
HOBt        1-hydroxybenzotriazole / 1-羟基苯并三氮唑 
Imid         imidazole / 咪唑 
LAH         lithium aluminum hydride / 氢化锂铝 
LDA         lithium isopropylamide / 二异丙基氨基锂 
MOM        methoxylmethyl / 甲氧基甲基 
NMM        N-methylmorpholine / N-甲基吗啉 
Ph           phenyl / 苯基 















PTSA        (p-TsOH) p-toluenesulfonic acid / 对甲苯磺酸 
Py           (pyr) pyridine / 吡啶 
TBAF        tetrabutylammonium fluoride / 四丁基氟化铵 
TBS         (TBDMS) t-butyldimethylsilyl / 叔丁基二甲基硅基 
TEA         triethylamine / 三乙胺 
TFA         trifluoroacetic acid / 三氟乙酸 
TfOH        trifluoromethanesulfonyl acid / 三氟甲磺酸 
THF         tetrahydrofuran / 四氢呋喃 
TMS         trimethylsilyl / 三甲基硅基 




















































































































1． 研究吡咯烷酮吡啶硫醚结构化合物 1-1 在 SmI2 的作用下形成氮-位碳自由





































hyacinthacine A2 和 hyacinthacine A3的不对称合成（图 1.4）。 











































    实验室近年来围绕吡咯烷（酮）体系氮位的碳-碳键形成进行了诸多探索。
在吡咯烷体系中，采用吡啶硫醚取代的底物 2-1 与亲电试剂在二碘化钐作用下，
通过类似 Babier 反应方式，与醛、酮的“一瓶”反应可高立体选择性地在氮位形
















2-1 2-2  
图 2.1.1 
    该反应可能机理(图 2.1.2)，早期猜测可能是底物 2-1 在二碘化钐作用下首先
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